Antirestriction proteins Ard encoded by some selftransmissible plasmids specifically inhibit restriction by members of all three families of type I restrictionmodification (R-M) systems In E.coli. Recently, we have identified the amino acid region, 'antirestriction' domain, that Is conserved within different plasmld and phage T7-encoded antirestriction proteins and may be involved In interaction with the type I R-M systems. In this paper we demonstrate that this amino acid sequence shares considerable similarity with a wellknown conserved sequence (the Argos repeat) found In the DNA sequence specificity (S) polypeptides of type I systems. We suggest that the presence of these similar motifs in restriction and antirestriction proteins may give a structural basis for their Interaction and that the antirestriction action of Ard proteins may be a result of the competition between the 'antirestriction' domains of Ard proteins and the similar conserved domains of the S subunits that are believed to play a role In the subuntt assembly of type I R-M systems.
INTRODUCTION
Self-transmissible plasmids play an important role in the dissemination of variety of genes among different bacterial populations. However, DNA transfer mediated by these plasmids may be limited by host 'immigrant control', restriction endonucleases that recognize the 'molecular passport', the methylation pattern of guest DNA (see, for recent reviews 1-4). To overcome the host restriction barrier, some self-transmissible plasmids were shown to encode antirestriction functions Ard (alleviation of restriction of E>NA) (5) (6) (7) (8) (9) . Recently, we have found that the broad host-range IncN plasmid R46 encodes at least two types of antirestriction proteins, ArdA and ArdB. These proteins are non-homologous but functionally similar in that both efficiently inhibit restriction by members of all three families of type 1 systems in E. coli {EcoK, EcoB, EcoD, EcoA, and £coR124). In addition, they slightly affect the type II (fcoRI) restriction and do 
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* To whom correspondence should be addressed not influence either the type HI (EcoPl) restriction or the 5-methylcytosine specific restriction systems McrA and McrBC (8, 9) . It has been shown that unrelated IncI plasmid Collb-P9 also encodes the antirestriction Ard-type protein homologous (about 60% identity) to R46 ArdA and that other IncN and IncI plasmids also express antirestriction functions (6) (7) (8) .
A question arises about the mechanism of action of Ard-type antirestriction proteins. We suggest that the antirestriction activity of Ard proteins might result from two types of interaction. Ard proteins (i) may interact directly with the restriction-modification (R-M) complex or (ii) may interfere or compete with the restriction-modification system binding to its recognition sites.
Analysis of deduced amino acid sequence revealed that homologous R46 ArdA and Collb Ard proteins are strongly acidic (6, 8) and their binding to DNA seems, therefore, unlikely. We have suggested that the acidic Ard proteins might act as a well-studied acidic antirestriction 0.3 protein of T7 phage (Ocr protein) (2,10-15) and inhibit R-M systems by direct binding to the enzymes (6, 8) . The studies with purified proteins have shown that this phage protein appears to act as a polyanion that inactivates the R-M complex by binding near its DNA binding site (11, 13) . Comparison of the amino acid sequences of T7 0.3 protein and three plasmid-encoded antirestriction proteins revealed only one small region of similarity (9, Fig. 1A ). It is possible that this conserved amino acid region is responsible for binding to the R-M complex and play a role of universal 'antirestriction' domain. Note that this motif is located in the C-terminal half of Ard proteins, which is essential for their activities as shown for Collb Ard protein (6). T7 0.3 protein seems to contain three motifs similar to 'antirestriction' domain one of which (Fig. 1 A, coordinates 101-114) is also located at the end of C-terminal half. Interestingly, the mutant 0.3 protein that lacks this distal motif retains functional activity (12) and this observation is associated with the idea that the T7 0.3 protein may have at least two functional domains.
Further support for the hypothesis about 'antirestriction' domain comes from the considerable sequence similarity between the conserved 'antirestriction' domain of Ard proteins and the Argos repeats of S polypeptides of type la R-M systems (Fig.  1A and B) . The S subunits are known to confer sequence specificity to the type I R-M systems that include also R and M subunits essential for restriction and modification functions (see for recent reviews, 1-4). Detailed studies of S subunit structure revealed that they consist of two variable DNA recognition domains (150-180 amino acids) (Fig. 2, open circles) separated by small conserved regions (open bars) each of which contains the sequence that is conserved even between S subunits of different type I systems (closed boxes A] and A2). This conserved sequence has been identified by Argos as a repeat within S polypeptides of the type la family (16) and then Kannan et al. (17) have shown its conservation within S polypeptides of all three families of type I systems. Comparison of the Argos repeat-like sequences encoded by all three families of type I systems with the amino acid sequences of 'antirestriction' domains of Ard proteins also revealed the sequence similarity (Fig. 1A and C) .
In recent years, considerable evidence has accumulated which indicates that the conserved regions of S subunits containing the Argos repeat-like sequences are involved in the interaction with M subunits (18) (19) (20) (21) (22) (23) , suggesting that this amino acid repeat may play an essential role in the functional integrity of type I R-M systems. It seems likely, therefore, that the conserved 'antirestriction' domain of Ard proteins may compete with the similar Argos repeat-like domains of the S subunits for the interaction with M subunits and prevent the functional integrity of type I systems (Fig. 2) . This proposal is consistent with the observation that the binding site of 0.3 protein of phage T7 appears to be in one of the small subunits of EcoK enzyme, either S or M, and that after reaction with T7 0.3 protein, the holoenzyme is unable to bind to DNA and is totally inactive as a nuclease, methylase or ATPase (13) . It is interesting to note that, like the acidic T7 0.3 protein, plasmid-encoded acidic ArdA-type proteins also efficiently inhibit the restriction and modification activities of type I R-M systems in E.coli cells (5) (6) (7) (8) . On the other hand, the slightly acidic antirestriction protein, ArdB, has been shown to affect only the restriction activity and does not influence the modification function of R-M systems in E.coli (9) . These findings are consistent with other observations that the electrostatic interactions between polypeptides may play the important role in the functional organization of R-M complexes (24) . However, further work with purified Ard proteins will be needed to clarify in detail the mechanism of interaction of antirestriction proteins and R-M enzymes.
It is interesting to note that in addition to the phage T7 and plasmid-encoded functions, the antirestriction functions that are induced in E.coli when cell's DNA is damaged (by UV irradiation) (25) (26) (27) , modified (by 2-aminopurine) (28) or unmethylated (in dam mutants deficient in adenine methylase activity) (27, 29) also affect only the type I R-M systems of E.coli and influence types II and III restriction in E.coli only slightly or not at all. It seems likely, therefore, that the type I R-M systems are programmed to interact with these (phage, plasmid and cellular) antirestriction functions to control the permeability of host restriction barrier. It is possible that such an interaction between restriction and antirestriction functions provides the effective mechanism for controlling the transfer of foreign genes into cells and may make bacterial cells more adaptable and evolutionary flexible. We speculate that the conserved motif found in the S polypeptides of type I systems and antirestriction proteins may be a basis for such interactions.
